The initiation and termination of tachyeardias were studied in five patients who suffered from recurrent attacks of ventricular tachycardia. In four, coronary artery disease with old myocardial infarction was present. A ventricular tachycardia could be initiated in all patients by a single right ventricular premature beat given during regular driving of the right ventricle. The tachycardia could be terminated by a single right ventricular premature beat, or two right ventricular premature beats given in close succession. In four of our patients an early right ventricular premature beat was followed by the next QRS complex of the tachycardia after an interval shorter than compensatory. Our results favor reentry as the causal mechanism for the tachyeardias in our patients. Possible pathways for circus reentry leading to ventricular tachycardia can theoretically be composed of (1) the bundle branches, (2) Purkinje fibers with or without adjacent ventricular myocardium, (3) infarcted or fibrotic ventricular tissue, and (4) combinations of (1), (2), and (3).
ELECTRICAL STIMULATION of the heart has enabled us to study the initiation and termination of tachyeardias directly in the human heart. With help of these technics initiation and termination of supraventricular tachyeardias have been studied in patients with and without signs of preexcitation. [1] [2] [3] [4] [5] Using these methods we studied five patients who suffered from recurrent attacks of ventricular tachyeardias.
Methods
All the patients studied suffered from recurrent attacks of ventricular tachycardia. As shown in table 1 , coronary heart disease with myocardial infarction was present in four. The fifth patient had myocarditis at the age of 19 years. Table 2 lists the electrocardiographic findings in these patients, both during sinus rhythm and tachycardia.
By use of the Seldinger technic four electrode catheters were passed under local anesthesia through the femoral veins and positioned at the desired intracavitary location. Two bipolar catheters were used for stimulation of the right atrium and right ventricle, respectively.
A tripolar electrode catheter was used to record the electrogram of the His bundle. 6 The fourth catheter was used for registering the unipolar intracavitary atrial complex. A description of our stimulator and methods of stimulation have been given previously.' The duration of the stimulus was 2 msec, the stimulus strength two times diastolic threshold.
The protocol of the investigation in each patient consisted of: (1) The study of A-V conduction. This was done by way of a premature stimulus to the right atrium once after eight beats of a regular driven atrial rhythm. The interval between the last beat of the regular driven rhythm and the induced premature beat (the premature-beat interval) was thereby gradually shortened until the atrium became refractory to stimulation. ( 2) The study of initiation of a tachycardia. During regular driving of the right ventricle a premature stimulus was given once after eight beats. The premature-beat interval thereby was gradually shortened until a tachycardia resulted. In one patient a different pattern of stimulation was given (see Results). 
Results
Despite the fact that in four`patients the QRS duration during sinus rhythm measured 0.12 sec (table 2) , all patients showed normal Unfortunately, however, probably due to the large dose of Pronestyl that the patient was receiving at the time of study, prolongation of the functional refractory period of the A-V node made it impossible to create a ventricular coupling interval as short as 400-440 msec. We then decided to study the effect of a right ventricular premature beat during regular driving of the right atrium. As shown in figure Patient C. Three right ventricular premature beats given at different premature-beat intervals are shown. As described in the text, in this patient a tachycardia could only be initiated by right ventricular premature beats given in a premature-beat interval range of 450-380 msec.
premature beat given after an interval of 400 msec, following the last QRS complex of the basic rhythm, initiated a tachycardia. The intracavitary lead from the right atrium and the His lead point to a ventricular origin of this tachycardia with complete A-V dissociation. The configuration of the QRS complexes during the tachycardia suggests that the location of the site of origin of the tachycardia was not far away from the site of stimulation.
The QRS pattern, however, was similar to that present in previous ECGs recorded during tachycardia.
In the bipolar monitor lead ( fig. 3 ) the electrodes were placed as suggested by Marriott and Fogg9 This resulted in a QRS complex very similar to the one recorded with lead V1. As shown in figure 3 (bottom) both during supraventricular and ventricular rhythm the QRS complexes in lead V1 look very much the same as in figure 3 (top). This patient had an old inferoposterior infarction. The QRS complexes during the tachycardia Circulation, Volume XLVI, August 1972 seem compatible with an origin of the tachycardia in this region.
Termination of Tachyeardias
During the tachycardia a premature stimulus was applied to the right ventricle in all patients. With the help of the synchronizing circuit of our stimulator the interval between the QRS complex of the tachycardia and the premature stimulus was gradually shortened until either the tachycardia was terminated or the ventricle became refractory to stimulation. In this way it was possible to terminate the tachycardia in three of our patients. An example is given in figure 4 . In patients A and E the tachycardia could only be terminated by two right ventricular premature beats given in close succession. the time relations of the tachycardia was seen in patient C. As shown in figure 5 (left), the QRS complex of the tachycardia following the premature beat occurs 90 msee earlier than expected. This patient had the lowest tachycardia frequency of all the patients. In patient A who had the highest tachyeardia frequency (225/mim) the time relations during the tachycardia could not be influenced, not even by two premature beats given in close succession.
Discussion
Disorders of impulse formation, impulse conduction, or both, are thought to play a role in the initiation and maintenance of ventricular tachyeardias. We know that many factors promote and influence abnormal focal impulse formation in the heart.10-12 However, although it has been demonstrated to occur in the digitalized human heart"3 and is believed to happen in the "normal" heart,'4 we do not know the exact mechanism by which rapid automaticity develops after a single premature beat. The initiation of a tachycardia by a Circulaion, Volume XLVI, August 1972 single premature beat is much easier to understand if one holds a reentry mechanism responsible. Han'5 described two types of reentrant activity that can be distinguished: (1) focal reexcitation and (2) circus reentry.
As recently summarized by Sasyniuk and Mendez 16 necessary conditions for circus reentry are: (1) unidirectional block in one or more regions of the heart, (2) slow passage of the impulse over an alternative route, (3) 32 In acute and chronic myocardial infarction differences in conduction velocity and refractoriness in adjacent areas will be enhanced by a premature beat. The changes induced by a premature beat may be such that a sustained reentry tachycardia supervenes.
Combinations
It seems logical to assume that the reentry pathway responsible for a ventricular tachycardia could be composed of pieces of the specific conduction system like bundle branches or Purkinje fibers and infarcted or fibrotic tissue. In all our patients it was possible to initiate a ventricular tachycardia by a single right ventricular premature beat.
Two points have to be stressed here: (1) Recent work, however, on electrical stimulation of the heart in patients suffering from supraventricular tachyeardias'-5 has shown that termination of the tachycardia by way of a single premature impulse is a strong argument for a circus reentry mechanism as basis for the tachycardia. This theory requires that the premature impulse creates refractoriness in a part of the reentry pathway so that the next circulating impulse dies out in that refractory area, thereby terminating the tachycardia. As previously described26 the possibility for the premature impulse to reach the reentry pathway at the right time will depend upon several factors. It was surprising to us that during a tachycardia, presumably of left In four of our patients early right ventricular premature beats given during the tachycardia influenced the time relations of the tachycardia. In these patients the early premature beat was followed by a tachycardia QRS complex after a less than fully compensatory pause shifting the following tachycardia cycles to an earlier time. In the fifth patient this phenomenon could not be observed, even with two premature beats given in close succession. This was probably caused by the high frequency of the tachycardia (225/min), making it impossible for the premature impulse to arrive at the reentry circuit early enough to preexcite a part of the reentry pathway.
The manner in which tachyeardias in our patients could be initiated and terminated and the influence of premature beats on their time relations suggest that reentry was the causal mechanism for their tachyeardias. All our patients suffered from chronic recurrent ventricular tachycardias. Although, as described above, several reentry pathways are theoretically possible with the methods used in this study we 
